Introduction
The metabolism of the auxin herbicide dichlorprop has been studied recently in a m onocotyledon species (barley) [1] , Hydroxylation in position 4 of the aromatic ring involving the shift of the chlorine to positions 5 and 3 takes place which was also known for the closely related herbicide 2,4-D [2] , The par ent com pound and also the 4-hydroxy derivative undergo conjugation with mono-und diglucoses in the carboxyl and the hydroxyl group.
The investigations reported in this paper on the one hand were carried out to com pare the m etabo lism of dichlorprop in excised plants and cultured cells of one species, i.e. tom ato, and, on the other hand, to com pare the above metabolism with that of barley as a monocotyledon species. F urtherm ore, the results of this study are also the basis for regarding the main m etabolites of dichlorprop in residual analysis [3] .
Materials and Methods

Radiochemicals and synthetic standards
[l-14 C]Dichlorprop was synthesized from [1-14C]2-brom opropionic acid (Isocommerz G m bH , DresdenRossendorf) and 2,4-dichlorophenol in 5 n aqueous N aO H , and converted to the potassium salt by using methanolic K2C 0 3 [4] . Specific radioactivity was 55 M B q X m m o r1. Dichlorprop-glcac4 was synthe sized according to [5] . The structure was confirmed by 'H NM R, electron impact and electron attach m ent MS [1] .
Plant material and application
The tom ato plants (Lycopersicon esculentum M ill., cv. "Lukullus") were cultivated in soil in a greenhouse at 23 to 25 °C. The 4-week-old excised plants were immersed in an aqueous solution of [1 -
To each tom ato plant 0.5 mg dichlorprop in 1 ml water ( 1 . 8 x 1 0~3 mol x l -1) was offered for 72 h. The origin and cultivation of the tom ato cell cultures were published by Tewes et al. [6 ] . The medium did not contain any 2,4-D or other auxins. At the end of the logarithmic growth phase, which was determ ined by measuring the optical den sity at 570 nm (£ '= 1 .9 , fresh weights 37 mg x m l-1, 3 days after inoculation), each subculture (100 ml medium each) was provided with 4 mg [l- 1 4 C]dichlorprop (7.3 x 10-5 mol x I-1, altogether 40 mg for 10 times 100 ml medium ), and incubated for 3 days.
A fter incubation, the excised plants were rinsed several times with water, cut into small pieces, homogenized with an Ultra-Turrax (Janke u. Kunkel K G, Staufen i. Br., F .R .G .) in 50% aqueous acetone, and filtered. The solid material was shaken for 15 h with another portion of 50% aqueous acetone. The combined filtrates were evaporated to remove the acetone, and the remaining aqueous phase was extracted successively using «-hexane and ethyl acetate.
The cells in suspension cultures were filtered, washed with 1 0 0 ml water, and sucked for 1 min to a relative dryness; then the fresh weights were deter mined. The culture medium was extracted using ethyl acetate. The cell material was lyophilized, pul verized. and extracted with 50% acetone. The 50% acetone extract was treated as the extract of the plants. The radioactivity of aliquots of all fractions was determ ined by LSC employing a Tricarb 2660 (Packard Instrum ents, Chicago, U .S.A .). Before LSC the solid residue was combusted using a Micro-M at BF 5010 sample oxidizer (Berthold-Frieseke G m bH , Karlsruhe, F .R .G .). The metabolites of the different extracts were separated and purified by TLC and HPLC. For quantifying the metabolites the ratios of aglycones, determ ined after hydrolysis of an aliquot, were used, and the integrals of peak areas of radioscans were evaluated.
Chrom atography
Preparative TLC was carried out on self-coated plates (silica gel 60 PF2?4, M erck, 0.9 mm thick) hav ing a concentration zone of 3 cm (Kieselgur, Merck). For comparative TLC precoated silica gel plates ("Silufol U V 2 5 4 " , Kavalier, C .S.S.R .) were used, em ploying the following solvent systems: The TLC plates were analyzed for radioactive zones using the Radioscanner II (Berthold, W ildbad. F .R .G .).
HPLC was carried out using a Serva SI 100 polyol RP 18 column (0.005 mm, 4.6 x 250 mm), which was fitted with an RCT HPLC eluent supply and a PYE Unicam PU 4020 detector set at 254 nm. Isocratic elution was carried out using 57% aqueous acetonit rile ( 1 ml x m in-1).
Is o la tio n o f m e ta b o lite s H ydrolyses and derivatization
Samples of conjugates (0.002 to 0.008 mg sup posed glucose, calculated from their radioactivity) were dissolved in 1 ml Mcllvain buffer, pH 3.0, and incubated with 0.25 mg dialyzed cellulase for 20 h at 37 °C. Glucose was quantified by applying the GO D -PO D m ethod [7] . For alkaline hydrolysis, an aliquot was treated with 1 ml 2.5% aqueous NH4OH (24 h. room tem perature). Acid hydrolysis was carried out by treating an aliquot with 1 ml 1 n HC1 for 1 h at 100 °C. Acetylation was perform ed using pyridine/ acetic anhydride (ratio 2 : 1 ).
Spectrom etric m ethods
'H NM R spectra were recorded on a Bruker WP 200 spectrom eter (Karlsruhe, F .R .G .) at 200.13 MHz in CDCI3 . Chemical shift values are related to TMS.
Electron impact (2 to 4 eV) and electron attach ment (10 to 16 eV) mass spectra were obtained using a "M anfred von A rdenne" mass spectrograph (D res den, G .D .R .).
Results
M etabolism in tom ato plants
The excised tom ato plants absorbed the offered dichlorprop very rapidly. A fter the incubation time of 72 h, 93% of the radioactivity applied were pres ent in the plants (92% were extracted by using aque ous acetone, and 1 % rem ained in the insoluble re sidue). The medium still contained 3% (Table I) . prop. HPLC of the peracetylated derivative indi cated that it consists of two conjugates having very similar retention times. The mass spectra of these two fractions showed equal fragm entation patterns (parent peak m /z 852, carbohydrate fragments, e.g. m /z 635 and m /z 347) but different relative inten sities. Therefore, isomerism was suggested in the sugar moiety. Alkaline and enzymic hydrolysis of peak 6 yielded dichlorprop. The mass spectrum (parent peak m tz 1140, carbohydrate fragments, e.g. m /z 923, m /z 635 and m /z 347, and some aglycon fragments) indicated a trisaccharide conjugate of dichlorprop. Since the m olar ratio of dichlorprop to glucose, determ ined after enzymic hydrolysis and G O D -PO D test, was about 1:3, the carbohydrate chain seems to be a tri glucose.
M etabolism in cultured tom ato cells
For the comparison with tom ato plants, the metabolism of dichlorprop was studied in cultured cells of the same species. A fter the ihcubation time (3 d) the fresh weights (135 mg x m l-1), extinction, and the num ber of plasmolytic cells of all subcultures coincided with the control.
Only 13% of the applied radioactivity were found in the medium, 4% of which were extracted using ethyl acetate, and 9% rem ained in the aqueous phase. Applying TLC revealed that the medium con tained about equal quantities of dichlorprop and dichlorprop-glc.
The greater part (81%) of the applied radioactivity was present in the cells, 77% of which were extracted using aqueous acetone, and 4% rem ained in the in soluble residue (Table I ). The methods used before to determ ine the metabolites of dichlorprop in barley seedlings [1 ] and tom ato plants were also applied to cultured cells. The carbohydrate conjugates (dichlorprop-glc, dichlorprop-glc2, and dichlorprop-glc3), which before had been found in tom ato plants, were detected in the cultured cells, too. TLC data and quantities are listed in Table II . By applying HPLC and MS the main metabolite dichlorprop-glc2, like the corresponding conjugate of tom ato plants, was shown to consist of two compounds with different isomerism of the sugar moiety. In addition to these conjugates, another conjugate of dichlorprop was found, which was very similar to dichlorprop-glc and not completely separated from it. TLC properties of this conjugate (R F 0.5 in ss 2), of its peracetyl deriva tive (R f 0.5 in ss 1), and of the hydrolytically released dichlorprop (R F 0.42 in ss 1) and carbohydrate moie ty indicated a monosaccharide conjugate.
Extracting the cells by using aqueous m ethanol in stead of aqueous acetone resulted in the form ation of considerable am ounts of dichlorprop methyl ester as an artifact (Table II) . It was identified by cochro matography using synthetic methyl ester.
Discussion
The results of this study dem onstrate that the metabolism of dichlorprop in excised plants essen tially leads to the same conjugates as in cultured cells of tom ato. Similar to an earlier study on 2-(2,4-dichlorophenoxy)-isobutyric acid [8 ] applied to the same plant systems, conjugates with mono-, di-, and triglucoses were form ed. The diglucoside fraction of dichlorprop was shown to consist of two different conjugates. Probably the diglucose moieties of both isomeric conjugates are gentiobiose and cellobiose. Gentiobiosyl esters and cellobiosyl esters are known for other xenobiotics to occur in tom ato [9] . Also in barley, beside gentiobiose, another diglucose was found as a conjugating moiety of a xenobiotic [1 0 ]. Unfortunately in our experiments the metabolites were not obtained in amounts sufficient to give evi dence for structural details by means of NM R. Thus it also remained uncertain if the glucose moieties have a or ß configuration. However, because the most xenobiotic conjugates have ß configuration [1 1 ], it is very probable that this is also the case with carbohydrate esters of dichlorprop. Furtherm ore it cannot be excluded that labile conjugates, e.g. malonyl glucosides [1 2 ], were hydrolyzed during the extraction procedure. But no attem pts were per form ed to isolate them.
Unlike barley [1] tomato plants did not hydroxylate dichlorprop. This difference in the metabolism of both species may arise from their be longing to mono-and dicot plants. The different capacity of tom ato and barley to hydroxylate dichlor prop is possibly the reason for the different suscepti bility and tolerance to the herbicide. How ever, 2,4-D was hydroxylated by many plants and cell cultures irrespective of mono-and dicot [2 ] .
